Summary. Background: The lower abdominal region offers a multitude of flaps for breast reconstruction, which include the pedicled and free transverse rectus abdominis myocutaneous flap (TRAM), the deep inferior epigastric artery perforator flap (DIEAP), and the superficial inferior epigastric artery flap (SIEA).
Introduction
Breast reconstruction today is regarded as one of the components in the overall treatment plan of breast cancer patients. Modern breast reconstruction techniques have evolved steadily over the last decades, in order to improve the aesthetic appearance and feel of the reconstructed breast, to improve the long term results and reduce the donor site morbidity. Today they compromise the use of implants, autologous tissues or a combination of the two. The use of autologous breast reconstruction techniques does meet the demands of an ideal breast reconstruction technique best (Table 1) . Because of the variable need of individual patients, the reconstructive breast surgeon should be able to provide the full spectrum of options [1] . These needs include subjective parameters (e.g. timing of surgery), oncologic parameters (e.g. radiotherapy, chemotherapy) and availability of donor tissue (Table 2) . Autologous tissue can be supplied from the back, abdomen, buttocks and the inner and outer thigh region. This review will focus on the abdomen as a source of flaps for breast reconstruction.
Up to 1979, tubed flaps from the abdomen were used as the standard in reconstruction of the breast. Then, Robbins described the vertical rectus flap as a pedicled flap [2] , and in the same year Holmström performed the first free abdominal flap for breast reconstruction, termed as the ''free abdominoplasty flap'' [3] . A year later, in 1982, Hartrampf changed the orientation of the skin island into a transverse one across the abdomen [4] and by so doing, a larger volume of tissue could be transferred to the breast. This pedicled TRAM flap (Transverse Rectus Abdominis Muscle) based on the superior epigastric artery became subsequently the workhorse in breast reconstruction. Because of the dual blood supply of the rectus abdominis muscle supplying the typical TRAM skin island, the flap can be raised as well as a free flap based on the inferior epigastric artery system. Grotting described the use of the free TRAM flap in 1989 [5] and concluded that the free TRAM flap appeared to be as safe as the conventional technique with the advantages of a more limited rectus muscle harvest, improved medial contour of the breast due to the lack of tunneling, and a healthier flap because of the donor vessels. These findings have been conformed in a multiple of studies [6, 7] . Perforator flaps from the abdomen, originally pioneered by Koshima in Japan in 1989 [8] , have provided the next significant step towards the ideal breast reconstruction. The flap was based on a single paraumbilical perforator vessel from the deep inferior epigastric artery, consisting of only fat and skin. Allen and Treece used this flap in 1992 to perform a breast reconstruction by transferring only fat and skin from the abdomen whilst sparing the rectus abdominis muscle [9] . The deep inferior epigastric artery perforator (DIEAP) flap relies therefore on microdissection of the branches of the deep inferior epigastric system that perforate the rectus abdominis to provide for a pedicle without the sacrifice of the muscle and the fascia. The decreased donor site morbidity, in terms of abdominal bulging, hernia and reduced strength, could be shown in several studies [10, 7] . In the course of the learning curve from free TRAM flaps to free DIEAP flaps, many surgeons performed a muscle sparing TRAM flap (MS-TRAM). It Table 2 . Parameters in decision-making of options in breast reconstruction could be shown that there was no significant difference in flap-related complications or donor-site morbidity between the free MS-TRAM or the free DIEAP flap [11] . In terms of donor-site morbidity, the superficial inferior epigastric artery (SIEA) flap allows the harvest of abdominal fat and skin tissue without the opening of the abdominal fascia [12] . Unfortunately, this flap has a few disadvantages: inconsistent anatomy, short pedicle, limited vascular territory. But it is a good alternative for reconstruction of a small breast in the presence of good size diameter vessels [13] .
The reconstructive breast surgeon today has a broad spectrum of flaps from the abdomen (pedicled TRAM, free TRAM, free MS-TRAM, DIEAP and SIEA) and other body areas at his disposal. Depending on objective, subjective and oncologic parameters and the surgeon's expertise, the safest method of reconstruction will be chosen. Due to better vascular supply to the flap, reduced donorsite morbidity and improved medial contour of the breast, we advocate the use of free flaps over pedicled flaps. In free flaps, we aim for the use of either free DIEAP or a free MS-TRAM over a full TRAM.
Methods
This literature overview examines the history and the practice of breast reconstruction using flaps from the lower abdomen. A review of the literature on this subject was conducted using the Pub Med search. We are quoting 55 papers from to 1979-2007. Furthermore unpublished data from our own department have been included.
Results

Indications for an abdominal flap
Breast reconstruction by an abdominal flap may be considered for any patient who is undergoing mastectomy or who has an existing defect associated with prior mastectomy. The use of perforator flap based reconstruction e.g. DIEAP flap provides the best option with least donor site morbidity in reconstruction of any mastectomy defect. Autologous tissue reconstruction is an important option as well in patients who present with an unsatisfactory or previously failed implant reconstruction. Replacement of implants often has to be considered with severe capsular contracture, which is more often found in patients who required radiation therapy. For those with deformities or volume loss due to prior lumpectomy, radiation or subcutaneous mastectomy, autologous tissue reconstruction may be considered for correction. Congenital breast absence or underdevelopment (Poland syndrome) may also be corrected with soft tissue flap techniques [14] . Perforator flap transfer is also an appropriate consideration in any setting in which autologous tissue is preferred over implant and one wishes to avoid muscle harvesting.
Contraindication for an abdominal flap
Patients in poor general health condition, uncontrolled diabetes, obesity and heavy smokers should be offered an alternative to free flap breast reconstruction as they are all associated with a significant increase in the rate of major complications [15, 16] . Obesity (body mass index >30 kg=m 2 ) is a major independent predictor of postoperative complications (partial flap loss, donor site complications, hernia=laxity), increasing the incidence of adverse events as much as 3-folds [17, 15] . Previous abdominal surgery consisting of subcostal or midline incisions are regarded as bearing a higher risk of complications [18, 19] . Prior abdominal operations (i.e. hysterectomy, c-section, appendectomy) on the other hand are no contraindications for the use of an abdominal flap. The possibility of raising a perforator flap after liposuction has been demonstrated, but caution should be taken in doing so [20] . A prior abdominoplasty does though exclude the use of an abdominal flap as do those cases in which the abdominal skin and fat tissue is insufficient. 
Surgical anatomy
The skin and fat of the lower abdomen and periumbilical area are supplied by perforators arising from the superior epigastric vessels, deep inferior epigastric vessels, superficial inferior epigastric vessels, intercostal segmental vessels and terminal branches of the superficial and deep circumflex iliac vessels. The predominant blood supply to the lower abdomen is from the deep inferior epigastric vessels [21, 22] . The vessels from both epigastric systems penetrate the rectus muscles on their deep surfaces and travel as single or duplicated vessels up and down and find communication in the periumbilical region [23] (Fig. 1A) . During their course, perforators are sent to the overlying fat and skin tissue (Fig. 1B) . The course of these perforators through the muscle is highly variable. Pedicled TRAM flaps are raised on the superior epigastric vessel together with the entire rectus muscle. Free TRAM flaps are raised on the deep inferior epigastric vessels together with the entire rectus muscle in the area of vessel perforation. Like free TRAM flap, the DIEAP flap is also based on the deep inferior epigastric vessels, but in contrast no rectus muscle or fascia must be sacrificed [9] . Instead, the perforating vessels are followed through the rectus muscle by atraumatically spreading it apart in the direction of the muscle fibers to their origins from the deep inferior epigastric vessels [24] . Alternatively, a ''free abdominoplasty flap'' can be raised based on the superficial inferior epigastric vessels [12] . This superficial vessel generally arises from the common femoral artery or has a common origin with the superficial circumflex iliac artery. In its course it pierces the scarpa fascia and proceeds in the superficial subcutaneous tissue [25, 26] . The major advantage of this SIEA flap is the fact that it can be raised with no violation of the abdominal wall muscle or fascia and therefore lacks the possibility of postoperative hernia or abdominal bulging. 
Planning
All flaps from the abdomen are planned in a similar fashion: a fusiform ellipse is outlined on the lower abdomen extending from the anterior superior iliac spine over to the umbilicus and just above the suprapubic crease inferiorly ( Fig. 2A and B) . The amount of tissue that can be safely taken and still allowing for a tension free closure is estimated.
Raising of a pedicled or free TRAM flap does not necessitate any further preoperative planning; only in case of previous abdominal surgery might it be wise to ensure vessel patency by a Doppler investigation. The assessment of the location of the perforators in DIEAP flap aids the operative procedure in terms of time-saving. A handheld probe can be used in order to identify the location of the perforators. Duplex Doppler scan can provide information on the position, flow, and diameter of the intramuscular perforators [27] (Fig. 2C and D) . A newer development is the use of CT angiography in providing a preoperative roadmap for flap elevation [28] . This technique provides more accurate information than the duplex Doppler and has the advantage of supplying images that can be easily studied and referred to during surgery. The most recent development is the use of 3-dimensional Magnetic Resonance Angiography.
Surgical technique
A two-team approach is used, simultaneously performing the flap harvest and either mastectomy and=or preparation of the recipient vessels. The internal mammary artery and vein have become the preferred recipient vessels. The thoracodorsal vessels have lost popularity due to several disadvantages: unusable vessels in secondary reconstruction up to 15% [29] , the need of a longer pedicle, risks of nerve injury, loss of Latissimus dorsi flap as backup. Alternatively, the circumflex scapular vessels can be dissected from a non-scarred area in order to increase pedicle length. Vessel hook-up in the axilla should be avoided in the case of sentinel lymph node biopsy and the prospect of an axillary node dissection after completed anastomosis [30] . The main disadvantage of the use of the internal mammary vessels is the impairment of future cardiac bypass surgery. Alternatively the perforators of the internal mammary artery and vein can be used if available [31] .
The flap is raised by circumferential incision of skin down to fascia (Fig. 3A) . During this procedure the inferior superficial epigastric vessels are explored routinely. If available and of significant size and quality, they are then followed down to their origin and a SIEA flap is performed (if the hemiabdomen provides sufficient tissue for reconstruction). If only the superficial vein is available, then it is dissected out and preserved as ''lifeboat'' in case of venous discharge problems [32] . The skin island is elevated from lateral to medial until the lateral row of perforators are encountered (Fig. 3B) . If a sufficiently large perforator is found, then the flap is raised on that. Alternatively, two or three perforators in the same row can be used. If no adequate perforators are found, then the medial row is approached. The contralateral side is kept intact in order to raise a TRAM flap if no perforators can be found. Once the perforator of choice is found, the rectus sheath is opened and the vessel is dissected down through the rectus muscle to the source, the deep inferior epigastric vessel. If two parallel perforators are to be included in the pedicle, then the cuff of muscle in between is included. Dissection continues until the pedicle is of sufficient length and the vessel diameter of sufficient caliber to match the recipient vessels (Fig. 3C) .
A TRAM flap is raised by incising the anterior rectus sheath and instead of tracing down single perforators, the entire rectus muscle and fascia is included in the flap (Fig. 3D) . Once the mastectomy is completed (Fig. 4A ) and the recipient vessels are ready, the artery and vein of the pedicle are ligated and the flap transferred to the chest (Fig. 4B) . The vein and artery are anastomosed by microsurgical techniques. The vein can either be joined by 9=0 Nylon sutures or by using an anastomotic coupling device (Microvascular Anastomotic COUPLER System). A coupling device has the advantage of making the venous anastomosis quicker and easier. The arterial anastomosis is performed with a 9=0 Nylon suture. The flap is secured on to the chest wall and trimmed and shaped according to the needs of symmetry of the contralateral breast. In primary reconstruction, after skin-sparing mastectomy has been performed, the flap is deepithelized and placed in (Fig. 4C) . Detailed shaping of the tissue is usually not necessary, as this is given by the skin envelope (Fig. 4D) . In secondary reconstruction, the flap is folded under itself inferiorly (Fig. 5A) to provide a more natural look, projection and ptosis (Fig. 5B) . The abdominal fascia is closed directly if a DIEAP flap was harvested. In a TRAM flap, where the entire rectus muscle has been removed with part of the anterior fascia, an abdominal wall reinforcement by a synthetic mesh is advisable to prevent hernia formation. The wound is closed in an abdominoplasty fashion, where an upper abdominal flap is mobilized and the umbilicus is brought out through the flap and secured in place.
Postoperatively, the patient is observed in a surgical intensive care unit overnight. Perfusion of the microvascular flaps is closely monitored for three days to detect and revise vascular failures as early as possible, thus saving flaps. The patients are discharged usually after 5 to 7 days. Minor corrections and adjustment surgery of the opposite breast if necessary are carried out 8 to 12 weeks after reconstruction with creation of the nipple at the same time [33] .
Special issues in bilateral breast reconstruction
There are a number of reasons for a patient seeking bilateral breast reconstruction: bilateral cancer, contralateral prophylaxis, bilateral ductal carcinoma in situ (DCIS), BRCA1-2 genetic diagnoses with a plea for prophylactic mastectomy and failed implant reconstruction. As the number of bilateral reconstructions are increasing [34] , this has major implications for the reconstructive team with regard to manpower. The safety of this procedure has been shown in several studies for free TRAM flaps [35, 36] . But despite these data it is apparent that the use of bilateral rectus abdominis muscle will lead to significant donor-site morbidity in the long-term [34] . Therefore the use of DIEAP or SIEA flaps in these cases would help not only to reduce the donor-site morbidity but to reduce the length of hospital stay as well [34, 37] .
Complications
Microsurgical breast reconstruction has no higher complication rates than conventional pedicled flap breast reconstruction [15] , the perfusion of the flap itself being better with less fat necrosis. The main factors contributing to these complications are patient factors as mentioned earlier.
Intraoperative problems
There can be a lack of adequate recipient vessels, especially veins or problems due to insufficient venous outflow from the flap. The internal mammary vein, particularly the left, has been found to be unsuitable for microsurgical transfer in approximately 20% of patients [38, 39] . Even though these figures are rather high in comparison to our own experience, nevertheless alternative options of recipient vessels can become necessary. The thoracodorsal vessels as an alternative can become unavailable as well due to significant scarring after previous axillary dissections. In addition, the patency of these vessels, particularly that of the thoracodorsal vein, may be difficult to assess. Occlusion of the thoracodorsal vein may necessitate alternative venous drainage in the axilla [40] . The circumflex scapular artery is well described as an alternative recipient vessel in the axilla [41] ; however, it may not be available as well due to scarring. In these instances, and for revision of failed microvascular anastomoses to the thoracodorsal or circumflex scapular veins, the cephalic vein has been used [40] . This recipient vessel anastomosed to the superficial inferior epigastric vessel can be used as an additional venous discharge in compromised venous outflow.
Postoperative flap complications
Many studies have compared the complication rate of pedicled vs free TRAM vs DIEAP flaps. Fat necrosis is a common problem in autologous breast reconstruction. It is defined as the formation of a small firm area (or areas) of scar tissue in the periphery of a flap caused by ischemic necrosis of subcutaneous fat in the absence of necrosis of overlying flap skin [6] . Fat necrosis usually resolves spontaneously over months, but occasionally it becomes infected and requires drainage or even resection. In addition, fat necrosis can lead to concerns about possible tumor recurrence and may require needle biopsy or even excisional biopsy, causing patient anxiety, expense and inconvenience [6] . As the anterior abdominal wall is mainly perfused by the deep inferior epigastric vessels [23, 42] , a lower incidence of fat necrosis should be expected in using the free TRAM or DIEAP flap as compared to the pedicled TRAM. This could be confirmed in numerous studies, where the fat necrosis rate of pedicled TRAM was noted between 40 and 58% [6, 43] , free TRAM flaps 10% [6] and free DIEAP flaps 6 to 18% [43] [44] [45] . The reason for the increased rate of fat necrosis in DIEAP flaps has not been yet fully understood, it is hypothesized that the free TRAM flap has a more robust perfusion of the flap that the DIEAP flap. Partial flap loss rates for pedicled flaps are 5 to 15% [46] [47] [48] [49] , for free TRAM 0 to 2.2% [6, 50] and for DIEAP flaps 0 to 8.7% [44, 45, 50] . Complete flap loss in pedicled TRAM flap has been found to be 0 to 4% [48, 51] , 0 to 4.3% in free TRAM [48, 52] and 1 to 2.5% in DIEAP flaps [45, 50] . Problems with the vein or venous anastomosis are almost eight times more likely than problems with the artery or arterial anastomosis [45] . This stresses the importance of close postoperative monitoring by trained personnel, who are able to identify flap-related complications immediately. This again implies the necessity of a microsurgical team to be available postoperatively in order to revise and salvage the flap.
Donor-site related complications
There is a significant difference in donor-site related complications depending on the type of flap harvested and the patients' risks factors associated. In a 10 year retrospective study of pedicled flap, the rate of donor-site related complications was as high as 35%. The analysis indicated that the most common donor-site complication was seroma, which occurred in 31% of patients. Delayed wound healing was the next most frequent complication, occurring in 3.5% of patients. Donor-site hematoma, infection and hernia all occurred in less than 2% of patients [53] . In other studies, the hernia rate in pedicle flap was as high as 15.6%. The rate of hernia in free TRAM flap has been shown to be between 3 and 10% [48, 54] and in DIEAP flap from 0.7 to 5% [45, 55] . The differences in functional outcome with or without damage of the rectus abdominis muscle has been a matter of controversy. Blondeel et al. [10] were able to demonstrate the reduced donor-site morbidity in DIEAP flaps, by evaluation of trunk flexion and rotation, abdominal symmetry, and activities of daily living. A more recent study, which compared DIEAP flap vs MS-TRAM failed to show any difference [55] . This may be due to the muscle-sparing TRAM technique.
Conclusion
Autologous breast reconstructions with flaps from the abdomen have evolved to be the state of the art in breast reconstruction. As microsurgery has become a routine technique in reconstructive procedures, with failure rates of less than 2%, pedicled flaps are losing their popularity. (Fig. 6 ) and immediate reconstruction (Fig. 7) . Careful patient selection is still a key to success, as most major complications are associated with patient's comorbidity. Preoperative studies of the perforator vessels may help to speed up the dissection period and save time intraoperatively but can as well lead to a higher success rate of DIEAP flaps by choosing the right perforator vessel. Nevertheless the final decision for harvesting either a muscle-sparing TRAM flap or a DIEAP flap will depend on the actual caliber of the perforator and the experience of the surgeon. As it has been shown that donor-site morbidity is not increased in MS-TRAM compared to DIEAP flap [55] , safety should be the first issue in raising these flaps. In conclusion, DIEAP, MS-TRAM or SIEA flaps have become the gold standard flaps in autologous breast reconstruction. 
Products used in breast reconstruction
